Background: Younger ages at diagnosis for blacks compared with whites have been reported for several cancer types. However, the US black population is younger than the white population, which may bias age comparisons that do not account for the populations at risk.
Racial disparities exist in cancer incidence and survival, some of which may be explained by differences in cancer risk factors, screening, and treatment (1) (2) (3) . For example, in the United States, blacks have higher mortality than whites for most common cancers and cancer overall (3) . Additionally, studies have reported younger ages at diagnosis for blacks compared with whites for several cancer types. For female breast cancer, blacks have been reported to be five to 10 years (4, 5) or even over 20 years (6) younger on average at diagnosis. A younger age in blacks has also been reported for prostate (7) , lung (8) , colon (9) , rectal (10) , head and neck (11) , uterine corpus (12) , and various hematologic cancers (13, 14) . Changes in screening guidelines and other clinical practices, targeted specifically to blacks, have been suggested partially on the basis of these apparent age differences (5, 6, 9, 15) .
Reports of a younger age at diagnosis in blacks are typically based on comparisons of the mean or median age calculated among observed cancer cases, without consideration of the underlying populations from which cancer cases arise. Some have noted that these case-only comparisons may be biased, because the underlying population age distributions are different for blacks and whites (7, 9, 14, (16) (17) (18) . In the United States, article there are proportionally fewer blacks than whites in older age groups (eg, 19.5% of whites are age ≥60 years old compared with 12.4% of blacks [19] ) and cancer risk is greatest at older ages. Therefore, cancer cases that occur in blacks are inherently more likely to arise among younger age groups. A similar bias has been noted in other populations with different age distributions (20, 21) .
In this study, we sought to assess whether there are racial differences in the age at cancer diagnosis after appropriately accounting for differences in population age structure between US blacks and whites. We hypothesized that correction for population differences might demonstrate that reports of a younger age in blacks are overstated for many cancers, and also potentially reveal true age differences that have previously been obscured.
Methods

Data Source
We obtained cancer incidence data from 18 registries in the Surveillance, Epidemiology, and End Results (SEER) program and restricted to invasive cancers occurring among non-Hispanic whites and blacks in 2010. In our analysis, we included cancer types (or groups of types), as defined by the World Health Organization 2008 SEER site recode (22) , for which at least 100 cases occurred among each of whites and blacks in 2010 (see Table 1 for list). We obtained case counts for each cancer type and midyear population estimates, stratified by race (white/black), age (single years [0-84] and ≥85 years), and sex. We excluded the 85-years-and-older age group, where single years of age are not available for population estimates.
In a sensitivity analysis, we excluded Kaposi sarcoma (KS) and non-Hodgkin's lymphoma (NHL) cases that occurred in individuals infected with human immunodeficiency virus (HIV). HIV infection status (ie, "HIV flag") is recorded by SEER registries at the time of diagnosis for KS and all lymphomas and is also captured by cause of death. Those with missing values for the HIV flag were assumed to be HIV-negative (23) . This analysis excluded data from Iowa, which does not collect an HIV flag.
Statistical Analysis
We calculated the crude mean age at diagnosis among blacks and whites for each cancer type. To examine the influence of differences in population age structure, we also calculated a weighted mean age. The weighted (termed "adjusted," ie, ageand sex-adjusted) means accounted for the underlying population structures using statistical weights. We calculated these weights for blacks and whites in each stratum defined by single year of age i and sex j as (P black,i,j +P white,i,j )/P black,i,j and (P black,i,j +P white,i,j )/P white,i,j , respectively, where P is the population size in that stratum. As such, the adjusted means represent what the mean ages at diagnosis would be if blacks and whites had the same population distribution of age and sex. We calculated age differences by subtracting the mean age at diagnosis among whites from the age among blacks for both crude and adjusted estimates. Therefore, negative differences indicate younger ages in blacks, while positive differences indicate older ages in blacks.
To test for statistical significance of adjusted mean differences, we used weighted linear regression with age as the outcome and race as a coefficient. For most cancer types, we transformed age values to improve normality of the distribution of residuals from the model, thus increasing the accuracy of the resulting race coefficient P values. These transformations included square, cube, and square root transformations (see Supplementary Table 1 , available online, for details by cancer type). We did not test for statistical significance of crude mean differences.
For each cancer type, to determine whether age comparisons should be stratified by sex, we tested whether the adjusted mean age difference between blacks and whites differed between males and females. We fit a weighted linear regression model with age as the outcome that included race, sex, and an interaction between race and sex (age values were transformed as described above). For cancer types with P interaction values less than .10, we conducted sex-stratified analyses.
We conducted three sensitivity analyses. First, we repeated the main analysis including the 85-years-and-older age group (coded as age 85 years). Second, for KS and NHL, risk is strongly increased in people infected with HIV (24) , and HIVinfected cases measurably impact general population rates (25) . Therefore, for NHL and KS, we repeated the analysis after excluding HIV-infected cancer cases. Finally, to assess the sensitivity of our results to the normality assumption required for our P values, we calculated P values for each cancer type with a statistically significant adjusted difference using three possible transformations (square, cube, square root) and no transformation.
We applied a Bonferroni correction based on 34 comparisons to a type 1 error level of α = 0.05 to assess statistical significance of adjusted mean differences. For cancer types with statistically significant differences, we examined 2010 age-specific incidence rates separately for whites and blacks, with emphasis on cancers with differences of three or more years. We quantified differences in age-specific incidence rates by calculating incidence rate ratios (IRRs) comparing blacks with whites, at younger than 60 years and 60 years and older, using Poisson regression. Analyses were done in SAS version 9.3 and Stata version 13.1, and all P values are two-sided.
Results
Comparison of the Mean Age at Cancer Diagnosis between Whites and Blacks
Among non-Hispanic blacks and whites contributing data to SEER-18 in 2010, the population age distribution was older for whites than blacks (population aged ≤84 years) ( Figure 1 ). Individuals older than age 50 years made up 23.2% and 34.7% of the population for blacks and whites, respectively, and individuals older than age 70 years made up 4.2% and 8.1%, respectively. The mean age among blacks was 33 years, compared with 39 years for whites.
We included 29 cancer types in our analysis (Table 1) . A statistically significant (P < .10) interaction between sex and race was present for esophageal, colon, anal, soft tissue, and thyroid cancers (data not shown). Analyses for these cancers were therefore stratified by sex.
The crude mean age at cancer diagnosis was younger in blacks compared with whites for nearly every cancer type examined (32 of 34 comparisons) (Supplementary Table 1 , available online). The differences in crude means ranged from -13.3 years for KS (ie, 13.3 years younger in blacks) to +1.3 years for cervical cancer (ie, 1.3 years older in blacks) (Figure 2A ).
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After adjusting for differences in population structure between blacks and whites, the apparently younger mean age for blacks was greatly diminished for most cancers, and for a few cancers adjustment for population structure revealed older ages in blacks that were previously masked (Figure 2A-B) . Adjusted mean differences ranged from -10.2 years (KS) to +4.7 years (cervical cancer) ( Table 1) .
After a Bonferroni correction, there was a statistically significant adjusted mean difference between blacks and whites for 12 cancer types. Blacks were statistically significantly younger than whites at diagnosis for KS (-10.2 years), NHL (-3.7), pancreatic cancer (-1.4), and lung cancer (-1.3) in both sexes combined, for soft tissue (-5.6), anal (-5.5), and prostate (-1.2) cancers in males, and for colon (-1.9) and breast (-0.8) cancers in females. Blacks were statistically significantly older than whites for cervical (+4.7), thyroid (+3.3), and uterine corpus (+1.8) cancers in females (all P ≤ .001) ( Table 1) .
Sensitivity Analyses
After including individuals age 85 years and older, the final group of cancer types with statistically significant adjusted differences remained exactly the same (data not shown). Adjusted mean differences were more than one year larger for KS (change from -10.2 to -11.9 years) and cervical cancer (change from +4.7 to +6.2 years). For NHL, exclusion of HIV-infected cases did not substantially alter the adjusted difference (HIV excluded: -2.5 years, P < .001 vs overall: -3.7 years, P < .001) (Supplementary Table 2 , available online). However, for KS, the adjusted difference was smaller and no longer statistically significant (HIV excluded: -4.9 years, P = .38 vs overall: -10.2 years, P < .001).
After application of three possible transformations and no transformation for the 12 cancers with statistically significant adjusted differences, three scenarios no longer reached Bonferroni-corrected statistical significance (male anal cancer with cube transformation and male soft tissue cancer with a square root or no transformation [data not shown]).
Age-Specific incidence Rates
Age-specific incidence rates for cancers with statistically significant adjusted differences of three or more years are shown in Figure 3 (for the remaining cancers with smaller statistically significant differences, see Supplementary Figure 1 , available online). For KS and male anal cancer, incidence was higher in blacks at younger ages (mainly age 20-59 years), but similar at older ages ( Figure 3 , A and C). For male anal cancer, IRRs comparing incidence in blacks with whites were 1.47 among men younger than 60 years and 0.81 among men age 60 years and older. For KS, IRRs were 3.58 and 1.13, respectively.
For NHL and male soft tissue cancer, incidence was lower at older ages in blacks (IRRs among individuals age 60 years and older 0.60 and 0.69, respectively) ( Figure 3 , D-E), but more similar at younger ages (IRRs among individuals younger than 60 years 0.78 and 1.06, respectively). Cervical cancer showed the reverse pattern, with higher incidence in blacks at older ages (IRR = 1.96 among women age 60 years and older) ( Figure 3B ) and similar incidence at younger ages (IRR = 1.04 among women younger than 60 years). Finally, thyroid cancer incidence in women was lower among blacks across all ages, but particularly at younger ages (IRR = 0.45 for women younger than 60 years compared with 0.76 for women age 60 years and older) ( Figure 3F ).
Discussion
In a population-based study of US cancer cases, we did not observe large differences between blacks and whites in the age at diagnosis for most cancer types, but showed instead that differences in population age structure strongly influence these comparisons. After correctly accounting for population structure, we identified that blacks are much younger at diagnosis for only a few cancers, notably KS, male anal and soft tissue cancers, and NHL. Blacks are slightly younger for female breast, female colon, lung, pancreas, and prostate cancers. We also uncovered that blacks are older than whites at diagnosis for cervical, uterine corpus, and female thyroid cancers.
Previous reports of widespread and larger age-at-cancerdiagnosis differences between blacks and whites (4-14) compared cases only and were strongly influenced by failure to account for the populations at risk. Such comparisons can identify false differences and also conceal true differences. For example, blacks have been reported to develop uterine corpus tumors at younger ages than whites (12), but we found a small difference in the reverse direction. It is possible that population differences have also influenced reports that blacks are younger at diagnosis for diseases other than cancer, such as type II diabetes (26) , cystic fibrosis (27) , severe asthma (28) , and pediatric systemic lupus erythematosus (29) .
True racial differences in the age at cancer diagnosis, remaining after appropriate corrections, have several potential causes. One is etiologic heterogeneity, in which the important cause or causes of cancer differ across groups and also cause cancer at different ages. For cancers with several subtypes that have different etiologies, this may produce racial differences in the distribution of subtypes. Second, one group may be exposed earlier or more intensely to important risk factors, such as tobacco smoking. Finally, age differences can arise from differences in the timing, prevalence, and frequency of early cancer detection, whether through screening or as incidental findings, or from differences in follow-up after a positive screening test. Though we cannot definitively identify the cause of age-at-diagnosis differences for most cancers, we can suggest potential explanations for some of the larger differences we observed.
Younger ages at diagnosis in blacks for KS and male anal cancer may result from etiologic heterogeneity in which HIV infection causes a larger proportion of cases in blacks. These two cancers are rare in the US general population but strongly increased among HIV-infected people; as a result, approximately 71% of KS and 28% of male anal cancer cases occur in HIVinfected people (25, 30) . These high proportions, coupled with the young age of the HIV population (21) and approximately article seven-fold higher HIV prevalence in blacks than whites (31), produced higher incidence in blacks at younger ages. For KS, we demonstrated the influence of HIV directly by excluding cases with known HIV infection, which eliminated the statistically significant age difference. SEER does not collect HIV status for anal cancer cases; however, HIV disproportionately impacts anal cancer among young black men, with an HIV prevalence of approximately 84% vs 51% among black and white men age 20 to 49 years who have anal cancer, respectively (30) .
Age differences in NHL and male soft tissue cancer may relate to etiologic heterogeneity across histologic subtypes. For NHL, the younger age in blacks was driven by 1.7-fold higher incidence in whites among older ages. NHL has many subtypes across which the typical age at onset and key environmental and genetic risk factors differ (32, 33) . Therefore, racial differences in exposure and/or susceptibility to different risk factors may produce racial differences in incidence across subtypes (32) , which in turn lead to age-at-diagnosis differences. Though NHL is also an HIV-related cancer, HIV prevalence in US NHL cases is modest (6%) (23) , and the 3.7-year age difference was not strongly affected by removal of HIV-infected cases. Of note, however, residual age differences for NHL and KS could be affected Crude (A) and adjusted (B) differences in the mean age at cancer diagnosis between blacks and whites in 18 US regions, 2010. Crude mean differences were calculated among observed cancer cases, without adjustment for underlying population structure. Adjusted means use statistical weights to account for differences between blacks and whites in the population distribution of age and sex. Analyses are stratified by sex for cancers where the adjusted difference in mean age at diagnosis between blacks and whites was statistically significantly different between males and females. Dark bars indicate statistical significance of adjusted differences, based on a Bonferroni correction applied to P values derived from weighted linear regression models. We did not test for statistical significance of crude differences.
Rectum includes rectosigmoid junction, anus includes anal canal and anorectum, and kidney includes renal pelvis.
article by imperfect sensitivity of the HIV flag (ie, by HIV-infected cases classified as uninfected) (23, 34) . The cause of the 5.6-year age difference for male soft tissue cancer is unclear, but this cancer also comprises many subtypes with differential incidence by race (35) . For these and other heterogeneous cancer types, subtype-specific analyses may be warranted, because individual subtypes may show age-at-diagnosis or other racial differences that are not apparent when subtypes are combined. For breast cancer, for example, the relationship between age-specific incidence curves for blacks and whites varies by tumor size, grade, lymph node status, and estrogen receptor status (36).
Racial differences in early detection of cancer in the United States (1) may have influenced the observed age differences for cervical and female thyroid cancers. For cervical cancer, which is preventable by screening, increased incidence among older black women is consistent with lower rates of follow-up after screening and treatment of precancerous lesions (37) . For female thyroid cancer, incidence rates are higher in whites across all age groups, but the difference is larger at younger ages. Increasing thyroid cancer incidence over time is believed to be partly because of enhanced detection (38) . Thus, the pattern we observed may be consistent with more use of sensitive non-Hodgkin's lymphoma; E) male soft tissue cancer; F) female thyroid cancer. article diagnostic technology among whites compared with blacks, particularly at younger ages.
In general, our findings illustrate that adjustment for population structure is necessary when comparing the age at cancer diagnosis between groups with different population age distributions. However, some patterns cannot be captured by age-at-diagnosis comparisons and instead require examination of age-specific incidence rates. For example, multiple myeloma incidence has been reported to be three-fold higher in blacks compared with whites among people younger than 50 years and two-fold higher among people 70 years and older (14) . While the 0.8-year younger age among blacks in our study (P = .02) reflects the shift in IRR across age groups, it does not reflect the strongly elevated risks in blacks across ages (ie, the overall magnitude of the IRR). Another example is the "crossover" pattern for breast cancer in which incidence is higher in blacks at younger ages but higher in whites at older ages (36) . The small age-at-diagnosis difference we detected for breast cancer is consistent with but cannot capture this pattern.
Our study used a straightforward approach to correct for the bias resulting from differences in population age structure between blacks and whites and analyzed data from the large and representative SEER program. One limitation may be residual population structure differences within the one-year age strata used in our analysis, which would affect our adjusted ages. Therefore, caution should be used when interpreting small differences (eg, less than one year). Additionally, our P values relied on a normality assumption, though our results were largely robust to different transformations of age values. Finally, our study included non-Hispanic blacks and whites and is not generalizable to other racial/ethnic groups.
Our age-at-diagnosis comparison examines a single facet of racial differences in cancer, and our results should not be interpreted to contradict well-documented racial disparities in cancer incidence and survival. For example, our approach does not highlight cancers where the incidence is strongly and uniformly increased in blacks compared with whites across age groups. Further, striking differences in cancer survival represent a troubling aspect of racial disparities in the United States (1-3). These disparities result from the influence of a variety of social, economic, and cultural factors that affect the spectrum of cancer from prevention, early detection, and diagnosis to treatment and mortality (1) .
In conclusion, most differences between blacks and whites in the age at cancer diagnosis are small, and case-only comparisons have been strongly influenced by differences in population age structure. We found age differences for several cancers that may be driven by etiologic and subtype heterogeneity as well as disparities in access to medical care. Racial differences in HIV prevalence, exposure to other cancer risk factors, and early detection of cancer have influenced cancer incidence across racial groups, demonstrating potential opportunities for improvement in cancer prevention.
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